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ABSTRACT 
This study aimed to evaluate the conidial production of Metarhizium rileyi in rice with different water volumes. 
The bioassay was composed by completely randomized design (CRD), with four treatments (20, 30, 40 and 50 mL 
of distilled water), being added 100 g of rice thin and long, making a total of 10 plastic bags per treatment, which 
were autoclaved for 15 minutes at 1.0 atm pressure, to 120 ºC. After the cooling of the rice, were added in each 
plastic bag, 2.0 mL of suspension containing 1 × 108 conidia mL-1. Then the bags were incubated for ten days in a 
germination chamber (BOD type) at 25 °C (±1 °C), 80% (±10%) relative humidity and 12h photoperiod to promote 
conidial germination and growth of the fungus, being performed a mild agitation every two days. The use of higher 
water volume resulted in greater conidial production and greater number of viable conidia. However, the highest 
rate of conidia germination was obtained with the use of 30 mL of water, is this the volume of water that 
corresponds to the best results. 
Keywords: entomopathogenic fungus, microbial control, substrate for production of microorganisms. 
 
Níveis de hidratação na produção de Metarhizium rileyi (Ascomycota) em meio sólido 
RESUMO 
Objetivou-se estudar a produção de Metarhizium rileyi em arroz com diferentes concentrações de água. O bioensaio 
foi composto por delineamento inteiramente casualizado (DIC), com quatro tratamentos (20, 30, 40 e 50 mL de 
água destilada), sendo adicionados 100 g de arroz fino e longo, perfazendo um total de 10 sacos plásticos por 
tratamento, os quais foram autoclavados por 15 minutos a 1 atm de pressão, a 120 oC. Após o resfriamento do 
arroz, foram adicionados em cada saco plástico 2 mL da suspensão contendo 1×108 conídios mL-1. Em seguida, os 
sacos foram acondicionados por 10 dias em câmara climatizada tipo B.O.D. (a 25±1 oC, 80±10% UR e fotofase de 
12h) para promover germinação dos conídios e crescimento do fungo, sendo realizada uma leve agitação a cada 
dois dias. Verificou-se que a maior dose de água proporcionou maior produção de conídios e maior número de 
conídios viáveis. Contudo, para a germinação, o ponto de máximo é aproximadamente 30 mL, sendo essa a dose 
que proporcionou melhor resultado. 
Palavras-chave: fungo entomopatogênico, controle microbiano, substrato de produção de microrganismos. 
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1. Introduction 
The indiscriminate use of chemical insecticides for 
the control of several pests has increased the population 
of insects resistant to certain molecules, in addition to 
the emergence of new pest insects that were previously 
considered as secondary pests (Méndez et al., 2010). 
The fact that these insecticides are not completely 
efficient in controlling pests, interfering in the success 
of Integrated Pest Management (IPM), has provided a 
series of economic losses, besides the imbalance and 
disruption of ecosystems (Céspedes et al., 2008). 
Based on the transition of modern agriculture for 
sustainable agriculture, the use of biological control is 
economically and ecologically viable alternative in the 
control of pests (Perinotto et al., 2012). This fact has 
been observed in recent decades, with the growing use 
of entomopathogenic fungi (Faria and Wraight, 2007), 
due to some aspects such as low cost, high efficiency, 
less impact on beneficial organisms, reduction of waste 
on the environment and increasing the biodiversity of 
ecosystems, when compared with the chemical 
insecticides (Lacey et al., 2001). 
Among the entomopathogenic fungi, Nomuraea 
rileyi, reclassified as Metarhizium rileyi (Ascomycota: 
Clavicipitaceae) (Kepler et al., 2014), is regarded as one 
of the main causative agents of natural mortality of 
several Lepidoptera species in wide range of ecosystems 
and crops (Ignoffo, 1981; Chaudhari et al., 2015). In the 
last two decades, this species has been intensively 
investigated in different geographic locations, being 
reported great variability in virulence and specificity in 
function of different and narrow range of hosts (Sujii et 
al., 2002; Devi et al., 2003; Chen et al., 2012; Song et 
al., 2016). 
M. rileyi is a dimorphic fungus entomopathogenic 
fungus, with growth in culture medium is characterized 
by an initial stage yeast (similar to the bacteria culture), 
which will slowly turning into mycelium (Suwannakut 
et al., 2005) and does not have a pH saprophytic 
colonization in the soil (Boucias et al., 2000). This 
fungus is demanding in terms of nutrition, particularly 
about the source of carbon, nitrogen, as well as good 
aeration and humidity for adequate sporulation (Devi et 
al., 2003), and germ tube growth (Boucias et al., 2000). 
The conidia are the structures produced on the 
surface of a solid growing medium, within different 
containers, depending on the purpose and scale of 
production (Almeida and Batista Filho, 2006). Its 
production in a solid substrate, when compared to the 
fermentation liquid, does not provide good yields of 
these structures, requiring tedious sporulation conditions 
along with stimulating light, which ends up limiting the 
fermentation in the earth and its subsequent marketing 
(Faria and Wraight, 2007). 
The production techniques of fungi for the control of 
pests must have low cost and enable the achievement of 
a high concentration of viable and virulent forms of the 
pathogen, which can be formulated and used (Loureiro 
et al., 2005). Natural substrates, solids, such as rice and 
wheat bran, constitute appropriate culture media for the 
massive conidial production (Méndez et al., 2009), due 
to the fact of providing physical conditions such as size, 
grain shape, suitable surface properties of hydration, 
aeration and structural integrity even after colonization 
by fungus (Jenkins et al., 1998; Bhanu Prakash et al., 
2008), in addition to the adequate nutritional balance 
(Sahayaraj and Karthick, 2008). 
Méndez et al. (2009) and Bhanu Prakash et al. 
(2008) stated that the water volume of the solid 
substrate is determinant in the income of the conidia of 
mitosporic fungi, being associated with the increased 
availability of oxygen. According to Devi et al. (2001), 
the availability of this element and indispensable for the 
sporulation of M. rileyi. Therefore, there is a need to 
study different water volumes to maximize the 
production of this species of fungus in a solid medium. 
As there is no information on the production of M. rileyi 
entomopathogenic fungus in a solid medium, the 
objective of this work was to study the production of 
this fungus in rice with the use of different water 
volumes. 
 
 
2. Material and Methods 
In vitro assays were performed, using the isolated 
from M. rileyi UFMS 03 (isolated from Alabama 
argillacea Hübner (Lepidoptera: Noctuidae) multiplied 
in Petri plates containing Sabouraud Dextrose Agar 
(SDA) medium. Subsequently, these plates were 
incubated for ten days in a germination chamber (BOD 
type) at 25 °C (±1 °C), 80% (±10%) relative humidity 
and 12h photoperiod to promote the growth and 
sporulation of the fungus. After this period, the conidia 
were removed by scraping with metal handle and then 
prepared the suspension containing 1 × 108 conidia mL-1 
with sterile distilled water and spreader decal (Tween 
80®) to 0.1%. 
The bioassay was composed by completely 
randomized design (CRD), with four treatments (20, 30, 
40 and 50 mL of distilled water) and ten replicates, each 
one composed of plastic bag. In each plastic bag (35 × 
22 cm) was added 100 g of rice, thin and long (type 1) 
and 20, 30, 40 and 50 mL of sterile distilled water, 
respectively, closed later with metal staples and 
autoclaved for 15 minutes at 1.0 atm pressure, to       
120 oC. After the autoclaving, the bags were packed 
inside of laminar flow until the complete cooling 
(Loureiro et al., 2005). 
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After the cooling of the rice, were added in each 
plastic bag, 2.0 mL of suspension containing 1 × 108 
conidia mL-1. The inoculation was performed with the 
aid of a pipette, automatic closing then the container 
with metal staples and stirring the contents in order to 
standardize the distribution of inoculum. Then the bags 
were stored for 10 days in a germination chamber (BOD 
type) at 25 °C (±1 °C), 80% (±10%) relative humidity 
and 12h photoperiod to promote the conidial 
germination and mycelial growth of the fungus, being 
performed a mild agitation every two days, according to 
the methodology adapted by Freitas et al. (2014). 
For the determination of the conidia production in 
each treatment, it was removed, at random, 1.0 g of rice 
containing the fungus of each repetition, adding to it 10 
mL of sterile distilled water more spreader decal 
(Tween 80®) to 0.1%. Then, the samples were diluted in 
series and quantified in a Neubauer chamber with the 
aid of an optical microscope, with an increase of 400 x 
(Alves and Pereira, 1998). 
For the reading of the conidial germination, a 
random sample of 1.0 g of rice with fungus for each 
plastic bag was removed, and the suspension was placed 
into three Petri dishes containing Potato Dextrose Agar 
(PDA) medium, for the different treatments.  
The plates were incubated for 20 hours at 26 °C (±1 
°C), 80% (±10%) relative humidity, and 12 h 
photoperiod. Then, to quantify the number of 
germinated and ungerminated conidia of the quadrants 
in the optical microscope, with an increase of 400 x 
(Alves et al., 2008). 
For the analysis of associations between water 
volumes and conidia germination, the productivity and 
viable conidia g-1 of the substrate, were employed the 
regression analysis and analysis of canonical variables 
(ACV) using the Rbio software (Bhering, 2017). 
 
 
3. Results and Discussion 
The higher water volume in the growing medium 
provided greater conidial production and greater number 
of viable conidia (Figures 1A and 1C). However, the 
higher conidia germination rate was obtained with the 
use of 30 mL of water (Figure 1B). 
These results are reinforced by multivariate analysis 
of canonical variables, which demonstrated that 
treatment with 30 mL provided both higher germination 
(germ) and production of conidia (Prod) (Figure 2). 
The results obtained in this study can be associated 
with a greater volume of water in the culture medium. 
According to Méndez et al. (2009), this is one of the 
parameters that determine the income of conidia of 
mitosporic fungi. This effect is directly related to the 
increase of oxygen availability (Bhanu Prakash et al., 
2008), the latter being an indispensable element for the 
sporulation of M. rileyi (Devi et al., 2001). 
 
 
Figure 1. Effects of water volumes in the growing medium on conidial production (A) and conidia germination (B) and viable 
conidia (C) of Metarhizium rileyi. 
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Figure 2. Canonical analysis for the different water volumes 
about the conidial production in rice, conidia germination, and 
viability (g) of Metarhizium rileyi (25±1 °C, 80±10% relative 
humidity and 12h photoperiod). 
 
The higher water volume in the culture medium does 
not always result in higher rates of conidia germination 
(Figure 1B). According to Song et al. (2016), this fact 
occurs due to a blockage of the interstitial pores, which 
consequently results in the fall of gas exchange, 
compromising the microbial metabolism. In this aspect, 
the addition of 30 mL water resulted in higher conidia 
germination percentage than the treatment with the 
addition of 50 mL. 
The development of the fungus requires adequate 
availability of water in the growth medium, favoring the 
transport of nutrients and metabolites in dissolved form, 
also, to maintain the cell volume to connect with 
molecules of poliois, sugars and enzymes (Crowe et al., 
1982). 
New studies using different volumes of water and 
isolated are required to clarify the potential of this agent 
better, increasing production and germination of conidia 
in less time, to propose a technique of production of M. 
rileyi economically viable. 
 
 
4. Conclusions 
The use of 30 mL of water in the growing medium 
was the most efficient in the germination and production 
of viable conidia. The production of isolated M. rileyi 
UFMS 03 in rice was more efficient with the water 
volume of 30 mL because it increased the germination 
rate of the fungus. 
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